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CHAPTER 1
GUIDE TO THIS MANUAL

This manual describes the 8XC196KKx, CA family of embedded microcontrollers. It is intend-

ed for use by both software and hardware designers familiar with the principles of microcontrol-
lers. This chapter describes what you'll find in this manual, lists other documents that may be
useful, and explains how to access the support services we provide to help you complete your de-
sign.

1.1 MANUAL CONTENTS

This manual contains several chapters and appendixes, a glossary, and an index. This chaptel
Chapter 1, provides an overview of the manual. This section summarizes the contents of the re-
maining chapters and appendixes. The remainder of this chapter describes na@tiosmations

and terminabgy used throughout the manual, pa®s references to related documentation, de-
scribes customesupport sevices, and explains how to access information and assistance.

Chapter 2 — Architectural Overview — provides an overview of the device hardware. It de-
scribes the core, internal timing, internal peripherals, and special operating modes.

Chapter 3 — Programming ConsiderAtions —provides an overview of the instruction set, de-
scribes general standards and conventions, and defines the operand types and addressing mod
supported byhe MC® 96 microcontroller family. (For additional information about the instruc-

tion set, see Appendix A.)

Chapter 4 — Memory Partitions — describes the addressable memory space of the device. It
describes the memory partitions, explains how to use windows to intheaseount of memory

that can be accessed with register-di(8ebit) instructions, and progtes examples of meory
configurations.

Chapter 5 — Standard and PTS Interrupts —describes the interrupt control circuitry, priority
scheme, and timing for standard and peripheral transaction server (PTS) interrupts. It also ex-
plains interrupt programming and control.

Chapter 6 — 1/0O Ports — describes the input/output ports and explains how to configure the
ports for input, output, or special functions.

Chapter 7 — Serial /0 (S10) Port —describes the asynchronous/synchrorsaral I/O(SIO)
port and explains how to program it.

Chapter 8 — Synchronous Serial /0O (SSIO) Port— describes the synabmous serial I/O
(SSI0) port and explains how to program it.

1-1
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Chapter 9 — Slave Port —describes the slave port of the 8XC1%6i0d explains how to pro-

gram it. Chapter 6, “I/O Ports,” explains how to configure port 3 to serve as the slave port. This
chapter discusses additional configurations specific to the slave port function and describes how
to use the slave port for interprocessor communication.

Chapter 10 — Event Processor Array (EPA) —describes the event processor array, a tim-
er/counter-based, high-speed input/output unit. It describes the timer/counters and explains how
to program the EPA and how to use the EPA to produce pulse-width modulated (PWM) outputs.

Chapter 11 — Analog-to-digital Converter — provides an overview of the analog-to-digital
(A/D) converter and describes how to program the converter, read the conversion results, and in-
terface with external circuitry.

Chapter 12 — CAN Serial Communications Controller — describes the 8XC196CA'’s inte-
grated CAN controller and explains how to configure it. This integrated peripheral is similar to
Intel's standalone 82527 CAN serial communications contralgoporting both the standard
and extended message frames specified by the CAN 2.0 protocol parts A and B.

Chapter 13 — Minimum Hardware Considerations —describes options faroviding the ba-
sic requirements for device operation within a system, discusses other hardware considerations,
and describes device reset options.

Chapter 14 — Special Operating Modes —provides an overview of the idle, powerdown,
and on-circuit emulation (ONCE) modes and describes how to enter and exit each mode.

Chapter 15 — Interfacing with External Memory — lists the external memory signals and de-
scribes the registers that control the external memory interface. It discusses the bus width and
memory configurations, the bus-hold protocol, write-control modesirg@ahal wait states and

ready control. Finally, it provides timing information for the system bus.

Chapter 16— Programming the Nonvolatile Memory— provides recommended circuits, the
corresponding memory maps, and flow diagrams. It also provides procedures for auto program-
ming, and describes the commands used for serial port programming.

Appendix A — Instruction Set Reference —provides reference information for the instruction

set. It describes each instruction; defines the program stanas(PSW) flags; shows the rela-
tionships between instructions and PSW flags; and lists hexadecimal opcodes, instruction
lengths, and execution times. (For additional information about the instruction set, see Chapter 3,
“Programming ConsiderAtions.”)

Appendix B — Signal Descriptions —provides reference information for the device pins, in-
cluding descriptions of the pin functions, reset status of the I/O and control pins, and package pin
assignments.
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Appendix C — Registers —provides a compilation of all device registers arranged alphabeti-
cally by register mnemonic. It also includes tables that list the windowed direct addresses for all
SFRs in each possible window.

Glossary —defines terms with special meaning used tigfmut this maual.

Index — lists key topics with page number references.

1.2 NOTATIONAL CONVENTIONS AND TERMINOLOGY

The following notations and terminology are useitghout this manual. The Glossary defines
other terms with special meanings.

# The pound symbol (#) has either of two meanings, depending on the
context. When used with a signal name, the symbol means that the
signal is active low. When used in an instruction, the symbol prefixes
an immediate value in immediate addressing mode.

Assert and Deassert  The termsassertand deassertrefer to the act of making a signal
active (enabled) and inactive (disabled), respectively. The active
polarity (high/low) is defined by the signal name. Active-low signals
are designated bymoundsymbol (#) suffix; active-high signals have
no suffix. To assert RD# is to drive it low; to assert ALE is to drive it
high; to deassert RD# is to drive it high; to deassert ALE is to drive it
low.

Clear and Set The termsclear andsetrefer to the value of a bit or the act of giving
it a value. If a bit is cleaits value is “0”; clearing a bit gives it a “0”
value. If a bit is set, its value is “1”; setting a bit gives it a “1” value.

Instructions Instruction mnemonics are shown in upper case to avoid confusion.
You may use either upper case or lower case.

italics Italics identify variables and introduce new terminology. The context
in which italics are used distinguishes between the two possible
meanings.

Variables in registers and signal names are commonly represented by
x andy, wherex represents the first variable agdepresents the
second variable. For example, in registgr MODEY, x represents

the variable that identifies the specific port, andepresents the
register bit variable [7:0]. Variables must be replaced with the correct
values when configuring or programming registers or ifnt
signals.
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Numbers

Register Bits

Register Names

Reserved Bits

Signal Names

Hexadecimal numbers are represented by a string of hexadecimal
digits followed by the charactét. Decimal and binary numbers are
represented by their customary notations. (That is, 255 is a decimal
number and 1111111 is a biary number. In some cases, the leter

is appended to binary nhumbers for clarity.)

Bit locations are indexed by 7:0 (or 15:0), where bit 0 is the least-
significant bit and bit 7 (or 15) is the most-significant bit. An

individual bit is represented by the register name, followed by a
period and the bit number. For example, WSR.7 is bit 7 of the
window selection register. In some discussions, bit names are used.

Register mnemonics are shown in upper case. For example, TIMER2
is the timer 2 register; timer 2 is the timer. A register name containing
a lowercase italic character represents more than one register. For
example, thex in Px_REG indicates that the register name refers to
any of the port data registers.

Certain bits are described eesservedbits. In illustrations, reserved
bits are indicated with a dash (—). These bits are not used in this
device, but they may be used in future implementations. To help
ensure that a current software design is compatible with future imple-
mentations, reserved bits should be cleared (given a value of “0”) or
left in their default states, unless otherwise noted.

Signal names are shown in upper case. When several signals share a
common name, an individual signal is represented by the signal name
followed by a number. For example, the EPA signals are named
EPAO, EPA1, EPA2, etdort pins are represented by the port abbre-
viation, a period, and the pin number (e.g., P1.0, P1.1)oéng
symbol (#) appended to a signal name identifies an active-low signal.
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Units of Measure The following abbreviations are used to represent units of measure:

A amps, amperes

DCV direct current volts
Kbytes kilobytes

KQ kilo-ohms

mA milliamps, milliamperes
Mbytes megabytes

MHz  megahertz

ms milliseconds

mwW milliwatts

ns nanoseconds

pF picofarads

W waltts

\% volts

MA microamps, microamperes
pF microfarads

ps microseconds

pW microwatts

X Uppercase X (no italics) represents an nown value or an
immaterial (“don’t care”) state or condition. The value may be either
binary or hexadecimal, depending on the context. For example,
2XAFH (hex) indicates that bits 11:8 are unknown; 10XX in binary
context indicates that the two LSBs arkoown.

1.3 RELATED DOCUMENTS

The tables in this section list additional documentsytbatmay find useful in designing systems
incorporating MCS 96 microcontrollers. These are not comprehensive lists, but are a representa-
tive sample of relevant documents. For a complete list of available printed documents, please or-
der the literature catalog (ordeumber 210621). To order documents, please tballlntel
literature center for your area (telephone numbers are listed on page 1-11).

Intel's ApPBUILDER software, hypertext manuals and datasheets, and electronic versions of ap-
plication notes and code examples are also available from the BBS (see “Bulletin Board System
(BBS)” on page 1-9). New information is available first from FaxBack and the BBS. Refer to
“Electronic SupporSystems” on page 1-8 for details.
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Table 1-1. Handbooks and Product Information

intel.

Title and Description

Order Number

Intel Embedded Quick Reference Guide

272439

Solutions for Embedded Applications Guide

240691

Data on Demand fact sheet

240952

Data on Demand annual subscription (6 issues; Windows* version)
Complete set of Intel handbooks on CD-ROM.

240897

Handbook Set — handbooks and product overview
Complete set of Intel's product line handbooks. Contains datasheets, application
notes, article reprints and other design information on microprocessors, periph-
erals, embedded controllers, memory components, single-board computers,
microcommunications, software development tools, and operating systems.

231003

Automotive Products t
Application notes and article reprints on topics including the MCS 51 and MCS 96
microcontrollers. Documents in this handbook discuss hardware and software
implementations and present helpful design techniques.

231792

Embedded Applications handbook (2 volume set) T
Data sheets, architecture descriptions, and application ntoes on topics including
flash memory devices, networking chips, and MCS 51 and MCS 96 microcon-
trollers. Documents in this handbook discuss hardware and software implementa-
tions and present helpful design techniques.

270648

Embedded Microcontrollers
Data sheets and architecture descriptions for Intel’s three industry-standard
microcontrollers, the MCS® 48, MCS 51, and MCS 96 microcontrollers.

270646

Peripheral Components T
Comprehensive information on Intel's peripheral components, including
datasheets, application notes, and technical briefs.

296467

Flash Memory (2 volume set) T
A collection of data sheets and application notes devoted to techniques and
information to help design semiconductor memory into an application or system.

210830

Packaging t
Detailed information on the manufacturing, applications, and attributes of a variety
of semiconductor packages.

240800

Development Tools Handbook
Information on third-party hardware and software tools that support Intel’s
embedded microcontrollers.

272326

T Included in handbook set (order number 231003)

Table 1-2. Application Notes, Application Briefs, and Article Reprints

Title Order Number
AB-71, Using the SIO on the 8XC196MH (application brief) 272594
AP-125, Design Microcontroller Systems for Electrically Noisy Environments T11 210313
AP-155, Oscillators for Microcontrollers 111 230659
AR-375, Motor Controllers Take the Single-Chip Route (article reprint) 270056
AP-406, MCS® 96 Analog Acquisition Primer TT1 270365
AP-445, 8XC196KR Peripherals: A User’s Point of View T 270873

T Included in Automotive Products handbook (order number 231792)
Tt Included in Embedded Applications handbook (order number 270648)
TttIncluded in Automotive Products and Embedded Applications handbooks
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Table 1-2. Application Notes, Application Briefs, and Ar ticle Reprints ( Continued)

Title Order Number
AP-449, A Comparison of the Event Processor Array (EPA) and High Speed 270968
Input/Output (HSIO) Unitt
AP-475, Using the 8XC196NT T1 272315
AP-477, Low Voltage Embedded Design Tt 272324
AP-483, Application Examples Using the 8XC196MC/MD Microcontroller 272282
AP-700, Intel Fuzzy Logic Tool Simplifies ABS Design * 272595
AP-711, EMI Design Techniques for Microcontrollers in Automotive Applications 272324
AP-715, Interfacing an I2C Serial EEPROM to an MCS® 96 Microcontroller 272680

T Included in Automotive Products handbook (order number 231792)
Tt Included in Embedded Applications handbook (order number 270648)
TttIncluded in Automotive Products and Embedded Applications handbooks

Table 1-3. MCS® 96 Microcontroller Datasheets (Commercial/Express)

Title Order Number
8XC196KR/KQ/IR/JIQ Commercial/lExpress CHMOS Microcontroller t 270912
8XC196KT Commercial CHMOS Microcontroller t 272266
87C196KT/87C196KS 20 MHz Advanced 16-Bit CHMOS Microcontroller t 272513
8XC196MC Industrial Motor Control Microcontroller t 272323
87C196MD Industrial Motor Control CHMOS Microcontroller t 270946
8XC196NP Commercial CHMOS 16-Bit Microcontroller T 272459
8XC196NT CHMOS Microcontroller with 1-Mbyte Linear Address Space t 272267

T Included in Embedded Microcontrollers handbook (order number 270646)

Table 1-4. MCS® 96 Microcontroller Datasheets (Automotive)

Title and Description Order Number
87C196CA/87C196CB 20 MHz Advanced 16-Bit CHMOS Microcontroller with 272405
Integrated CAN 2.0 T
87C196JT 20 MHz Advanced 16-Bit CHMOS Microcontroller T 272529
87C196JV 20 MHz Advanced 16-Bit CHMOS Microcontroller ¥ 272580
87C196KR/KQ, 87C196JV/JT, 87C196JR/JQ Advanced 16-Bit CHMOS 270827
Microcontroller
87C196KT/87C196KS Advanced 16-Bit CHMOS Microcontroller T 270999
87C196KT/KS 20 MHz Advanced 16-Bit CHMOS Microcontroller 272513

T Included in Automotive Products handbook (order number 231792)

Table 1-5. MCS® 96 Microcontroller Quick References

Title and Description Order Number
8XC196KR Quick Reference (includes the JQ, JR, KQ, KR) 272113
8XC196KT Quick Reference 272269
8XC196MC Quick Reference 272114
8XC196NP Quick Reference 272466
8XC196NT Quick Reference 272270
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1.4 ELECTRONIC SUPPORT SYSTEMS

Intel's FaxBack* service and application BBS provide up-to-date technical information. We also
maintain several forums on CompuServe and offer a variety of information on the World Wide
Web. These systems are available 24 hours a day, 7 days a week, providing technical information
whenever you need it.

1.4.1 FaxBack Service

FaxBack is an on-demand publishing system that sends documgats fax machine. You can

get product announcements, change notificatiprsduct literature, device charadstics, de-

sign recommendations, and quality and reliability information from FaxBack 24 hours a day, 7
days a week.

1-800-628-2283 U.S. and Canada
916-356-3105 U.S., Canada, Japan, APac
44(0)1793-496646 Europe

Think of the FaxBack service as a library of technical documents that you can accessuwith
phone. Just dial the telephone number and respond to the system prompts. After you select a doc
ument, the system sends a copy to your fax machine.

Each document is assigned an order number and is listed in a subject catalog. The first time you
use FaxBack, you should order the appropriate subject catalogs to get a complete listing of doc-
ument order numbers. Catalogs are updated twice monthly, so call for thenflaiestion. The
following catalogs and informaticare available at the time of publication:

1. Solutions OEMsubscription form

Microcontroller and flash catalog

Development tools catalog

Systems catalog

Multimedia catalog

Multibus and iRMX® software catalog and BBS file listings
Microprocessor, PCI, and peripheral catalog

Quality and reliability and change notification catalog

© © N o gk~ w DN

iAL (Intel Architecture Labs) technology catalog

1-8
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1.4.2 Bulletin Board System (BBS)

The bulletin board system (BBS) lets you download files to your computer. The application BBS
has the latesApBUILDER software, hypertext manuals and datasheets, software drivers, firm-
ware upgrades, application notes and utilities, and quality and reliability data.

916-356-3600 U.S., Canada, Japan, APac (up to 19.2 Kbaud)
916-356-7209 U.S., Canada, Japan, APac (2400 baud only)
44(0)1793-496340 Europe

The toll-free BBS (available in the U.S. and Canada) offers lists of documents available from Fax-
Back, a master list of files available from the application BBS, and a BBS user’s guide. The BBS
file listing is also available from FaxBack (catalog number 6; see page 1-8 for phone numbers
and a description of the FaxBack service).

1-800-897-2536 U.S. and Canada only

Any customer with a modem and computer can access the BBS. The system provides automatic
configuration support fat200- through 19200-baud modems. Typical modem settings are 14400
baud, no parity, 8 data bits, and 1 stop bit (14400, N, 8, 1).

To access the BBS, just dial the telephone number andrmegp the system prompts. During

your first session, the system asks you to register with the system operator by entering your name
and location. The system operator will set up your access account withgugst At that time,

you can access the files on the BBS.

NOTE

If you encounter any difficulty accessing the high-speed modem, try the
dedicated 2400-baud modem. Use these modem settings: 2400, N, 8, 1.

1421 How to Find MCS ® 96 Microcontroller Files on the BBS
Application notes, utilities, and product literature are available from the BBS. To access the files,
complete these steps:

1. EnterF from the BBS Main menu. The BBS displays the Intel Apps Files menu.

2. TypelL and press <Enter>. The BBS displays the list of areas and prompts for the area
number.

3. Typel2and press <Enter> to select MCS 96 Family. The BBS displays a list of subject
areas including general and product-specific subjects.

4. Type the number that corresponds to the subject of interest and press <4&fitdrthe
latest files.
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5. Type the file numbers to select the files you wish to download (for exaim@fer files 1
and 6 or3-7 for files 3, 4, 5, 6, and 7) and press <Enter>. The BBS displays the approx-
imate time required to download the files you have selected and gives you the option to
download them.

1.4.2.2 How to Find ApBUILDER Software and Hypertext Documents on the BBS

The latestApBUILDER files and hypertext manuals and data sheets are available first from the
BBS. To access the files, complete these steps:

1. TypeF from the BBS Main menu. The BBS displays the Intel Apps Files menu.

2. TypelL and press <Enter>. The BBS displays the list of areas and prompts for the area
number.

3. Type25 and press <Enter> to selegpBUILDER/Hypertext. The BBS displays several
options: one forApBUILDER software and the others for hypertext documents for
specific product families.

4. Typel and press <Enterto list the latesApBUILDER files or type2 and press <Enter>
to list the hypertext manuals and datasheets for MCS 96 microcontrollers.

5. Type the file numbers to select the files you wish to download (for exaim@fer files 1
and 6 or3-7 for files 3, 4, 5, 6, and 7) and press <Enter>. The BBS displays the approx-
imate time required to download the selected files and gives you the option to download
them.

1.4.3 CompuServe Forums

The CompuServe forums provide a means for you to gather information, share discoveries, and
debate issues. Type “go intel” for access. For information about CompuServe access and service
fees, call CompuServe at 1-800-848-81995)or 614529-1340 (outsle the U.S.).

1.4.4 World Wide Web

We offer a variety of information through the World Wide Web (URL:http://www.intel.com/). Se-
lect “Embedded Design Products” from tinéel home page.
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1.5 TECHNICAL SUPPORT

In the U.S. and Canada, technical support representatives are available to answer your question:
between 5 a.m. and 5 p.m. PST. You can also fax your questions to us. (Please include your voice
telephone number and indicate whether you prefer a response by phone or by fax). Outside the
U.S. and Canada, please contact your local distributor.

1-800-628-8686 U.S. and Canada
916-356-7599 U.S. and Canada
916-3566100 (fax) U.S. and Canada

1.6 PRODUCT LITERATURE

You can order product literature from the following Intel literature centers.
1-800-468-818, ext. 283 U.S. and Canada

708-296-9333 U.S. (from overseas)
44(0)1793-431155 Europe (U.K.)
44(0)1793-421333 Germany
44(0)1793-421777 France
81(0)120-47-88-32 Japan (fax only)

1.7 TRAINING CLASSES

In the U.S. and Canadggu can register for trainingasses tlaugh the Intel customer training
center. Classes are held in the U.S.

1-800-234-8806 U.S. and Canada
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CHAPTER 2
ARCHITECTURAL OVERVIEW

The 16-bit 8XC196IK, 8XC196%, and 87C196CA CHMOS microcontrollers are designed to
handle high-speed calculations and fast input/output (I/O) operations. They share a common ar-
chitecture and instruction set with other members of the M@®microcontroller family. This
chapter provides a high-level overview of the architecture.

NOTE
This manual describes a family of devices. For brevity, the name 8XG196K

is used when the discussion applies to all family members. When information
applies to specific devices, individual product names are used.

2.1 TYPICAL APPLICATIONS

MCS 96 microcontrollers are typically used for high-speed event control systems. Commercial
applications include modems, motor-control systems, printers, photocopiers, air conditioner con-
trol systems, disk drives, and medical instruments. Automotive customers use MCS 96 microcon-
trollers in engine-control systems, airbags, suspension systems, and antilock braking systems
(ABS).
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2.2 DEVICE FEATURES

Table 2-1 lists the features of each member of the 8XC4 8&iKily.

Table 2-1. Features of the 8XC196K x, Jx, CA Product Family

Devce  |pis | Eprows (RS | Cotel | 10| EPA | SSio | A0 | i
ROM (1) Ports Pins
8XC196JV ®) 52 48 K 1536 512 56 6 3 6 1
8XC196KT 68 32K 1024 512 56 10 3 8 2
8XC196JT (3 52 32K 1024 512 41 3 6 1
87C196CA 4 68 32K 1024 256 51 3 6 2
8XC196KS () 68 24 K 1024 256 56 10 3 8 2
8XC196KR 68 16 K 512 256 56 10 3 8 2
8XC196JR 52 16 K 512 256 41 6 3 6 1
8XC196KQ 68 12 K 384 128 56 10 3 8 2
8XC196JQ 52 12 K 384 128 41 6 3 6 1

NOTES:

1. Optional. The second character of the device name indicates the presence and type of nonvolatile
memory. 80C196xx = none; 83C196xx = ROM; 87C196xx = OTPROM or EPROM.

2. Register RAM amounts include the 24 bytes allocated to core SFRs and the stack pointer.

3.  The 8XC196JT, JV, and KS are offered in automotive temperature ranges only. The 87C196CA,
8XC196JQ, JR, KQ, KR, and KT are offered in both automotive and commercial temperature ranges.

4. The 87C196CA also has an on-chip networking peripheral that supports CAN specification 2.0.

2.3 BLOCK DIAGRAM

Figure 2-1 shows the major blocks within the device. The core of the device (Figure 2-2) consists
of the central processing unit (CPU) and memory controller. The CPU contains the register file
and the register arithmetic-logic unit (RALU). The CPU connects to both the memory controller
and an interrupt controller via a 16-bit internal bus. An extension of this bus connects the CPU to
the internal peripheral modules. In addition, an 8-bit internal bus transfers instruction bytes from
the memory controller to the instruction register in the RALU.
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Optional Interrupt
Core p
ROM Controller
Clock and Code/Data PTS
Power Mgmt. RAM
1o sio | |sso||eral] ap || wor SP"';‘:te CAN
Note:

The slave port is unique to 8XC196Kx devices.
The CAN peripheral is unique to the 8XC196CA.

A2799-02
Figure 2-1. 8XC196K x Block Diagram
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| CPU \ Memory Controller
I . .
| Register File RALU : Prefetch Queue
: Microcode | | 1
| Engine | Slave PC

|
| .
I Register ALU : Address Register
| RAM |
| .

|
|
| [ psw |||
| CPU SFRs - !
| | Bus Controller

|
- e ]

A2797-01

Figure 2-2. Block Diagram of the Core
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2.3.1 CPU Control

The CPU is controlled by the microcode engine, which instructs the RALU to perform operations
using bytes, words, or double words from either2b@-byte loweregister file or through win-
dowthat directly accesses the upper register file. (See Chapter 4, “Memory Partitions,” for more
information about the register file and windowing.) CPU instructions move frollyte queue

in the memory controller into the RALUiBstruction register. The microcodegine decodes the
instructions and then generates the sequence of events that cause desired functions to occur.

2.3.2 Register File

The register file is divided into an upper and a lower file. In the lower register file, the lowest 24
bytes are allocated to the CPU’s special-function registers (SFRs) and the stack pointer, while the
remainder is available as general-purpose register RAM. The upper register file contains only
general-purpose register RAM. Thegigter RAM can be accessed as bytes, words, or double-
words.

The RALU accesses the upper and lower register files differently. The lower register file is always
directly accessible with register-direct addressing (see “Addressing Modes” on page 3-5). The
upper register file is accessible with register-direct addressing onlywihdowingis enabled.
Windowing is a technique that maps blocks of the upper register file imtadawin the lower
register file. See Chapter 4, “Memory Partitions,” for more information about the register file and
windowing.

2.3.3 Register Arithmetic-logic Unit (RALU)

The RALU contains the microcode engine, the 16-bit arithmetic logic unit (ALU), the master pro-
gram counter (PC), the programtagmword (PSW), and several registers. The registers in the
RALU are the instruction register, a constants register, a bit-select register, a loop counter, and
three temporary registers (the upper-word, lower-word, and second-operand registers).

The PSW contains one bit (PSW.1) that globally enables or disables servicing of all maskable in-
terrupts, one bit (PSW.2) that enables or disables the peripheral transaction server (PTS), and six
Boolean flags that reflect the state of your program. Appendix A, “Instruction Set Reference”
provides a detailed description of the PSW.

All registers, except the 3-bit bit-select register and the 6-bit loop counter, are either 16 or 17 bits
(16 bits plus a sign extension). Some of these registers can reduce the ALU’s workload by per-
forming simple operations.
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The RALU uses the upper- and lower-word registers together for the 32-bit instructions and as
temporary registers for many instructions. These registers have their own shift logic and are used
for operations that require logical shifts, iding normalize, multiply, and divide operations.

The six-bit loopcounter counts repetitive shifts. The second-operand register stores the second
operand for two-operand instructions, including the multiplier during multiply operations and the
divisor during divide operations. During subtraction operations, the output of this register is com-
plemented before it is moved into the ALU.

The RALU speeds up calculations by storing constants (e.g., 0, 1, and 2) in the constants register
so that they are readily available when complementing, incrementing, or decrementing bytes or
words. In addition, the constants register generates single-bit masks, based on the bit-select reg
ister, for bit-test instructions.

2.3.3.1 Code Execution

The RALU performs most calculations for the device, but it does not wssamulator Instead

it operates directly on the lower register file, which essentpaiywides 256 accumuars. Be-

cause data does not flow through a single accumulator, the device’s code executes faster and mor
efficiently.

2.3.3.2 Instruction Format

MCS 96 microcontrollers combine a large set of general-purpose registers with a three-operand
instruction format. This format allows a single instruction to specify two source registers and a
separate destination register. For example, the following instruction multiplies two 16-bit vari-
ables and stores the 32-bit result in a thirdalald.

MUL RESULT, FACTOR_1, FACTOR_2 ;multiply FACTOR_1 and FACTOR_2
;and store answer in RESULT
;(RESULT) ~(FACTOR_1 x FACTOR_2)

An 80C186 device requires four tngctions to accomplish the same operation. The following ex-
ample shows the equivalent code for an 80C186 device.

MOV  AX, FACTOR_1 ;move FACTOR_1 into accumulator (AX)
i(AX) ~FACTOR1

MUL FACTOR_2 ;multiply FACTOR_2 and AX
i(DX:AX)  ~(AX)x(FACTOR_2)

MOV RESULT, AX ;move lower byte into RESULT
J(RESULT) —(AX)

MOV RESULT+2, DX ;move upper byte into RESULT+2

{(RESULT+2) < (DX)
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2.3.4 Memory Controller

The RALU communicates with all memory, except the register file and peripheral SkRghthr

the memory controller. (It communicates with the upper register file through the memory control-
ler except whemwindowingis used; see Chapter 4, “Memory Partitions.”) The memory controller
contains the prefetch queue, the slpr@gramcounter (slave PC), address and data registers, and
the bus controller.

The bus controller drives the memory bus, which consists of an internal memory bus and the ex-
ternal address/data bus. The bus controller receives memory-access requests from either the
RALU or the prefetch queue; queue requests always have priority. This queue is transparent to
the RALU and your software.

NOTE
When using a logic analyzer to debug code, remember that instructions are

preloaded into the prefetch queue and are not necessarily executed
immediately after they are fetched.

When the bus controller receives a request from the queue, it fetches the code from the addres:
contained in the slave PC. The slave PC increases execution speed because the next instructio
byte is available immediately and the processor need not wait for the master PC to send the ad-
dress to the memory controller. If a jump, interrupt, call, o